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Abstract  
Wetlands are one of the most vulnerable ecosystems to climate change, over use and 
degradation. The research was aimed at investigating the impacts of climate variability on 
wetlands. Specifically, this paper was aimed at determining whether trends in the patterns of 
rainfall and temperature can be used to explain the drying up of Mutubuki wetland in Gutu 
District of Zimbabwe. Research methodology adopted involved analysis of time series rainfall 
and temperature data from the nearby Alheit Mission, as well as rainfall data from Buhera and 
Chivhu weather stations located within the catchment of the wetland. Mann-Kendall trend test 
was used to determine whether temperature and rainfall patterns show a significant trend 
between 1952 and 2006. Results showed that there is a significant increase in mean maximum 
temperatures at Alheit station (p= 0.024, α = 0.05), while mean annual rainfall amounts were 
shown to be declining though not statistically significant (Alheit, p=0.250, α = 0.05; Chivhu 
p=0.903, α = 0.05 and Buhera, p=0.661, α = 0.05). It was observed that the significant increases 
in daily maximum air temperatures in an era of declining precipitation and land use changes are 
major factors in the drying up of Mutubuki wetland. 
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Introduction  
Wetlands are areas that are periodically 
or continuously inundated by shallow water 
or have saturated soils where plant growth 
and other biological activities are adapted to 
the wet conditions (Owen et al., 1995). 
Wetlands are known as mapani or vleis in 
Zimbabwe and as dambos in eastern and 
central Africa (Whitlow, 1985). In 
Zimbabwe, they cover approximately 1.28 
million hectares of land in which 25% is in 
communal areas (Whitlow, 1985; Owen et 
al., 1995). 
Many studies have indicated that wetland 
systems are one of the most vulnerable 
ecosystems to climate change, over use and 
degradation (Vourltis and Oechel, 1997; 
Burkeet, 2000; Zhang et al., 2001; Deng et 
al., 2003). It has been estimated that more 
than 50% of the original global extent of 
wetlands have been degraded or destroyed by 
land-use practices like overgrazing, over 
burning, development pressures like drainage 
modification, land reclamation and by exotic 
invasive vegetation or animals (Dugan, 1993; 
Mulamoottil et al., 1996; Mitsch and 
Gosselink, 2000).  
Urban agriculture and water resource 
developments still threaten many wetlands, 
with other threats coming from the possible 
negative effects of global climate change on 
wetland structure and function (Burkeet, 





2000). Zimbabwe is now faced with a serious 
problem of wetland decline, degradation and 
even total loss yet they are important to local 
communities because they supply water for 
drinking, irrigation, domestic purposes 
(Owen et al., 1995). Wetlands also have 
hydro-ecological functions like maintaining 
ecosystem integrity, groundwater recharge 
and discharge and flood flow alteration 
(Bullock, 1992; Mitsch and Gosselink, 2000). 
Climatic and geomorphic conditions are the 
major driving factors of wetland formation, 
evolvement, and even disappearance 
(Mortsch, 1998; Deng et al., 2003). The 
sensitivity of wetlands to climate change and 
variability is one of important issues for 
research. For this reason, this study selected 
the analysis of climate change signatures on 
micro-catchments as a means of 
understanding drying up of wetlands.  
Previous studies on wetlands in 
Zimbabwe have been mostly emphasised on 
their contributions to agriculture, ecology, 
biology, and hydrology (Acres et al., 1985; 
Owen et al., 1995). These studies mainly 
analysed the wetland’s potential use in 
agriculture, form and structure as well as 
classification, geology of the wetlands, 
erosion of the wetlands and their contribution 
to stream flow (Whitlow, 1985; McFarlane, 
1989; Owen et al., 1995). A limited number 
have tried to analyse wetland-catchment 
interactions (Acres et al., 1985, McFarlane, 
1989; Bullock, 1992), while a paucity of 
information exists on the persistence of 
wetlands under changing climatic scenarios, 
especially at a micro-catchment level (Owen 
et al., 1995). Thus, this paper is aimed at 
investigating the impacts of long term rainfall 
and temperature patterns on Mutubuki 
wetland in Gutu District of Zimbabwe. 
Specifically we determined if trends in the 
patterns of rainfall and temperature can be 
used to explain the loss of moisture on 
Mutubuki wetland. Results of this study will 
assist in our understanding some of the 
factors that are leading to wetland 
degradation and loss.  
Study Area 
Mutubuki wetland is located in the south-
eastern part of Gutu district, Zimbabwe and 
covers an area of 59 328 m
2 
(Figure 1). It is 
located on the Devure sub-catchment which 
covers 345km
2
 and the Mutubuki micro-
catchment which covers 32 km
2
. The wetland 
occupies a very small area (0.18%) of the 
Mutubuki micro-catchment. It is used by the 
local Chingombe community to provide 
drinking water for households, watering their 
livestock and irrigating their community 
garden, which is an important source of 
nutrition and income especially during 
drought years (Chikodzi et al., 2012). The 
Mutubuki area is dominated by degraded and 
fragmented miombo shrublands and receives 
on average about 500 mm of rainfall per 
annum, while the average potential evapo-
transpiration ranges between 1200 and 1800 
mm (Stiltz and Weyel, 2006). The area is 
semi arid, with an aridity index of between 
02-0.5 (UNCCD, 2012). 
 




Figure 1: Location of the study area in Zimbabwe, as well as the weather stations used. 
 
The climate of the area is mainly driven 
by unreliable and extremely variable rainfall 
with a 39% coefficient of variability and 
unbalanced distribution (Stiltz and Weyel, 
2006). On average, about 56% of total annual 
amount is received during the first half of the 
rainy season between late October and mid 
February with pronounced inter annual 
variations, prolonged mid-season dry spells 
and erratic distribution that often lead to 
severe drought and total crop failures 
(Sengayi, 1991). 
The geology of the micro-catchment 
consists of mainly young intrusive granite 
rocks, older gneiss complex rocks and 
dolerite intrusions, while the wetland is 
situated on an area close to the point of 
intersection of the young intrusive granite 
and the older gneiss complex rocks. Young 
intrusive granite rocks cover mostly the 
lower catchment of the wetland and a narrow 
belt sandwiched with an older gneiss 
complex on the upper catchment of the 
wetland (Chikodzi et al., 2012).  
Soils on the micro-catchment are 
predominantly coarse-grained sandy loams 
ranging in depth from shallow to deep with 
low organic and mineral nutrients, negligible 
proportions of clay and silt fractions, poor 
water retention capacity and friable 
characteristics that make them susceptible to 
erosion (Sengayi, 1991; Hamandawana et al., 
2005). 
The Mutubuki micro-catchment area is 
100% communal land dominated by the 
communal land tenure system. It 
characterised by increasing population 
density (30 people/km
2
) which has negatively 
impacted on the environment in the form of 
increased erosion, deforestation, decline of 
grazing resources and extension of arable 
land into areas unsuitable for intensive 
utilization initiating general environmental 
deterioration (Hamandawana et al., 2005). In 
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2007 and for the first time, the wetland dried 
up and since then it has been supplying water 
to the community only during the wet season 
(November – April), and a few months 
afterwards (Chikodzi et al., 2012).  The two 
streams from the wetland now flow only 
during the wet season and dry up as soon as 
rainfall ceases.   
 
Materials and Methods  
Rainfall and Temperature Data 
Mean maximum temperature data for 
Alheit station which span from 1952-2003 
was used in the study. It was derived from 
maximum daily air temperatures, averaged 
over a year. Mean maximum temperature 
data was used instead of other temperature 
indicators like mean daily evapotranspiration 
because all the weather stations in the area 
have the capacity to measure it and data was 
readily available.  Monthly rainfall data that 
spans from 1950-2006 for stations Alheit, 
Chivhu and Buhera were also used in the 
study.  Both the temperature and the rainfall 
data were obtained from the Meteorological 
Services Department of Zimbabwe. The 
Mean maximum temperature and rainfall data 
were used to determine if trends were present 
in their time series and also determined 
further if the trends were of statistical 
significance. All the station data used in the 
study has gaps from 2006 to 2014.  This is 
due to the prohibitive costs that the 
Meteorological Services Department of 
Zimbabwe place on the data. 
Data analysis 
The time series data was first subjected to 
distribution tests using the Kolmogorov-
Smirnov test in statistical package for social 
scientists (SPSS) in order to determine how 
well the data satisfies assumptions of 
parametric or non-parametric statistical 
analysis methods. Studies show that, unless 
the assumption of normal distribution for 
parametric statistics is met, it is generally 
advisable to use nonparametric tests 
(Lettenmaier, 1976, Hirsch et al., 1993).  
Non-parametric statistical analysis methods 
were therefore used in the study.  
Auto-correlation and Pre-whitening  
Auto-correlation refers to the correlation 
of a time series with its own past and future 
values. Geophysical time series are 
frequently auto-correlated because of inertia 
or carryover processes in the physical system. 
It therefore complicates the application of 
statistical tests by reducing the number of 
independent observations thereby increasing 
the chances of detecting significant trends 
even if they are absent and vice versa 
(Hamed and Rao,1998).  Pre-whitening is the 
process of removing unwanted 
autocorrelations from time series data, prior 
to the analysis of interest. 
Before the data was run in a Mann- 
Kendall test, it was first tested for serial 
correlation in a statistical package 
Paleontological Statistics (PAST) Version 
3.0.  If autocorrelation was detected, the data 
would then be pre-whitened in PAST 3.0 
using the Auto-Regressive Integrated Moving 
Average (ARIMA) model (Hamed and Rao, 
1998).  The model performs time series 
forecasting and smoothening technique that 
projects the future values of a series based 
entirely on its own inertia. ARIMA modeling 
takes into account trends, seasonality, cycles, 
errors and non-stationary aspects of a data set 
when making forecasts. It reduces residuals 
to white noise in the time series hence 
removing the possibility of finding a 
significant trend in the Mann-Kendall test 
when actually there is no trend (Von Storch, 
1995). A detailed explanation of the ARIMA 
model can be found elsewhere (Von Storch, 
1995; Hamed and Rao, 1998). 
The Mann-Kendall Trend test was used to 
determine if there was a significant change in 
rainfall and temperature patterns over time. 
The Mann-Kendall test is a non-parametric 
test for the detection of trend in time series 
data. The test was used because it is simple, 
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robust, can cope with missing values, and 
seasonality and values below detection limit 
(Dietz and Kileen; 1981; Hirsch et al., 1993). 
The software used for performing the 
statistical Mann-Kendall test is an add-in of 
Microsoft excel, XLSTAT 2013. The null 
hypothesis which states that there is no 
significant trend was then tested at 95% 
confidence level for temperature and 
precipitation data. In addition, linear trend 
lines were plotted for each station using 
Microsoft Excel 2007. 
Random field visits were also carried out 
on the wetland and its micro catchment. The 
main objective was to observe how the 
moisture regime of the wetland changes 
during the different seasons of the year and 
also to administer 30 quantitative 
questionnaires to local villagers.  In the 
absence of historical measured data on 
groundwater levels on the wetland and 
discharge from the nearby streams, the 
moisture regime of the wetland was 
reconstructed using local villagers’ 
knowledge. Reconstruction of the moisture 
regime of the wetland was important for us to 
determine the rate at which it dried up and to 
see if it has any links with changes in the 
climatic condition of the area. The 30 
respondents used in the reconstruction of the 
moisture regime were carefully selected on 
the basis of their age (only those over 60 
years were deemed to be suitable) and of 
those over 60 years only those who 
demonstrated the required level of 
perceptiveness responded to the questions 
between 27 January to November 30, 2012. 
In the reconstruct respondents were asked to 
give a score out of 10 of moisture level on 
the wetland over a 10 year interval from 
1960-2010. The scores were then entered into 
SPSS and depicted graphically.  During the 
same period, interviews with key informants, 
namely the local chief, Ward Councillor, 
Agricultural extension officer, were also 
carried out.   
 
Results  
Table 1 summarises the results of the 
distribution test and their interpretation. 
Normality tests done using the Kolmogorov-
Smirnov test on both rainfall and temperature 
data show that data from all the stations was 
not normally distributed.  
 
Table 1: Normality Tests for the climatic data used in the study 
Variable  P-Value α  Decision 
Alheit 
temperature 
.001 0.05 Data significantly deviates from a normal distribution  
Alheit rainfall  .000 0.05 Data significantly deviate from a normal distribution 
Buhera rainfall .003 0.05 Data significantly deviate from a normal distribution  
Chivhu rainfall .000 0.05 Data significantly deviate from a normal distribution  
 
Autocorrelation tests performed in Past statistic for both temperature and rainfall data from 
all the stations used showed that the data had no serial correlation (figure 4) hence the data was 
free from white noise. Figure 2 shows the autocorrelation function (ACF) graphs for all the time 
series data sets used in the study at 95% confidence level. None of the ACF were statistically 
significant hence was no special need to pre-whiten the data before running the Mann- Kendall 
test.  




Figure 2: Autocorrelation ACF graphs for time series data used at 95% confidence level 
 
Figure 3 shows the pattern of mean maximum temperatures for Alheit station between 1952 and 
2001. Temperatures on the station show an increasing trend as shown by the positive trend line 
and its equation. 
 
Figure 3: The trend of mean maximum temperatures at Alheit station between 1952 and 2001. 
The graph shows a significant increase in the mean maximum temperature. 
Analysis of Climate Change Signatures on Micro-catchments................CHIKODZI & MUTOWO 
827 
 
The Mann-Kendall trend test run showed that the increase in maximum temperatures was 
statistically significant (p= 0.024, α = 0.05). Using the normal approximation to the distribution 
of the average Kendall tau, the risk of rejecting the null hypothesis while it is true is 1.13%. 
Figure 4 shows the trend of mean annual rainfall for Alheit, Buhera and Chivhu stations 
between 1923/24 and 2003/04 seasons. The graph shows an overall decline in rainfall totals, 
though they are not significant (table1). 
 
 
Figure 4: The trend of mean annual rainfall for and stations between 1923/24 and 2003/04 
seasons 
  
Table 2 shows that there is no significant change in annual rainfall totals on Mutubuki 
wetland micro-catchment and the surrounding areas. However, it should be noted that annual 
total rainfalls for the stations show decreasing trends in rainfall. 
 
Table 2: Mann-Kendall test results and interpretation for rainfall stations 
Rainfall Station P-Value H0 Decision Rainfall Trend Description 
Alheit Mission 0.250 retained Declining but not significant  
Buhera 0.661 retained Declining but not significant 
Chivhu 0.903 retained Declining but not significant 
 
Figure 5 shows the scores (0 – 10) given by questionnaire respondents as they rated the 
moisture regimes of Mutubuki wetland during the decades between 1960 and 2010. A score of 
10 means very high incidences of moisture, with surface water on the wetland lasting all year 
round, while a score of 0 means very low moisture, with no surface water even during the wet 
season. The year 1960, in this case, is the baseline for status and trends reports.  




Figure 5: Moisture Regime Trend in the Wetland 
 
Figure 5 shows the moisture on the 
wetland started dropping gently in the 1980s 
followed by drastic declines in the 1990s and 
2000s. About 65.4% of the questionnaire 
respondents confirmed the above, described 
the drying up of the wetland as having 
becoming serious around 2007.  
 
Discussion  
The long term changes in climatic 
parameters noted in Mutubuki has also been 
noted elsewhere and are predicted to make 
Zimbabwe, especially the south-eastern parts 
warmer and drier. For example, in their 
separate studies, Makarau (1995), Unganai, 
(1996), Mason and Jury (1997) and Simba  et 
al. (2012) found that the decline in 
precipitation in Zimbabwe, though not 
statistically significant, has translated into a 
decline of up to 10% on average over the 
period 1900 to 1993. In addition, Simba et al. 
(2012) found an increase in the number of 
seasons recording below normal rainfall since 
2002. Thus, although the decline in rainfall is 
not significant, it can be shown that 
Mutubuki wetland has been increasingly 
receiving less and less recharge over the 
years. Although the link between rainfall and 
wetland recharge is not necessarily this 
simple since there is a possibility of wetland 
recharge by lateral groundwater movement 
from the surrounding catchment, the decline 
in rainfall over the larger catchment noted at 
Buhera and Chivhu stations might also lead 
to the decline in the amount of groundwater 
moving from other catchments to Mutubuki.  
The increase in maximum temperatures 
noted in the Mutubuki area can potentially in 
many cases induce an increased evaporation 
rate by the atmosphere although it must be 
noted that evaporation is a function of many 
interacting factors such as wind speed, soil 
moisture conditions and relative humidity.  
Bouwer, (2007) and McCarthy, (2001) in 
separate studies noted that increases in 
temperatures induce an enhanced evaporative 
demand which in turn increases the rate of 
direct water loss from the wetlands. Small 
changes in actual evaporation can lead to 
large changes in surface water flows and 
storage (Bouwer, 2007).  
In addition to the increase in maximum 
mean temperatures, water loss from the 
wetland is exacerbated by land cover and 
land use changes on the wetland, its 
periphery and surrounding interfluves (figure 
3a) were most of the recharge most likely 
occurs (Kimble, 1960; Bell et al., 1987 
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McFarlane, 1989; Owen et al., 1995). The 
random field visits showed that more than 
half of the 59 328m
2
 of the wetland is 
shrubland, while the wetland periphery and 
interfluve have a combined 4.5 ha of fully 
matured Eucalyptus camaldulensis 
plantations. This was a departure from the 
grassland, with isolated wetland trees and 
shrubland vegetation that is characteristic of 
wetlands in the savanna region (Stewart, 
1989; Owen et al., 1995). Eucalyptus species 
are alien to Zimbabwe, and are fast growing 
woody species whose rate of water 
abstraction is very high (Wen et al., 2009; 
Forsyth et al., 2004). Studies done elsewhere 
recorded up to a three fold increase in evapo-
transpiration rates in wooded wetlands, 
compared with those areas without 
significant amounts of woody species 
(Kimble, 1960; Bell et al., 1987; Drayton, 
1986; Stewart, 1989; Bullock, 1992). 
Furthermore, evapo-transpiration rates within 
the wetland and its periphery might have 
increased due to the presence of irrigated 
gardens. Two wells on the core of the 
wetland that are close to two metres deep are 
used for watering the nearby 2 hectare 
community garden, where an estimated 1 296 
000 litres per year was used by the 30 
families that grow vegetables in the wetland.  
 
Conclusions  
The paper was aimed at using long term 
rainfall and temperature variability as 
possible factors in explaining the decline of 
Mutubuki wetland. The drying up of the 
Mutubuki wetland can be attributed to a 
combination of increased maximum 
temperatures and land use changes, all 
occurring in an episode of declining rainfall. 
There is therefore a need to manage the land 
use and land cover changes on wetlands and 
their recharge zones in order to preserve 
them.  
For rehabilitation of the Mutubuki 
wetland, we recommend a detailed survey of 
the most important recharge zones of the 
wetland where artificial groundwater 
recharge pits can be constructed to increase 
the rate of recharge and possible 
improvement of the moisture regime of the 
wetland. Also we recommend avoiding 
replacing indigenous tree species with alien 
ones like the Eucalyptus camaldulensis in 
sensitive environments like wetlands as their 
traits and behaviour in the new environment 
are not yet fully understood.  
We propose that further studies on 
wetlands should quantify the land cover 
changes, as well as estimate changes in 
evapo-transpiration rates emanating from the 
land cover changes especially the effect of 
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